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Abstract
· AIM:Toanatomicallylocatethepointsofminimum
cornealthicknessandcentralcornealthickness(pupil
center)inrelationtothecornealapex.
· METHODS:Observational,cross-sectionalstudy,299
healthyvolunteers.Thicknessatthecornealapex(AT),
minimumcornealthickness (MT)andcornealthickness
atthepupilcenter (PT)weredeterminedusingthe
pentacam.DistancesfromthecornealapextoMT(MD)
andPT(PD)werecalculatedandtheirquadrantposition
(takingthecornealapexasthereference)determined:
pointofminimumthickness (MC)andpointofcentral
thickness(PC)dependingonthequadrantposition.Two
multivariatelinearregressionmodelswereconstructedto
examinetheinfluenceofage,gender,powerofthe
flattestandsteepestcornealaxes,positionoftheflattest
axis,cornealvolume (determinedusingthePentacam)
andPTonMDandPD.Theeffectsofthesevariableson
MCandPCwerealsodeterminedintwomultinomial
regressionmodels.
· RESULTS:MTwaslocatedatameandistanceof0.909
mmfromtheapex (79.4%intheinferior-temporal
quadrant).PTwaslocatedatameandistanceof0.156
mmfromtheapex.ThelinearregressionmodelforMD
indicated it wassignificantlyinfluenced by corneal
volume (B=-0.024;95%CI:-0.043to-0.004).No
significant relations were identified in the linear
regressionmodelforPDorthemultinomiallogistic
regressionsforMCandPC.
· CONCLUSION:MTwastypicallylocatedattheinferior-
temporalquadrantofthecorneaanditsdistancetothe
cornealapextendedtodecreasewiththeincrementof
cornealvolume.
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INTRODUCTION
T
heimportantroleofthethicknessofthecorneain
glaucomaanditsimplicationsforrefractivesurgery
havebeenestablishedinseveralstudies
[1-7].Inasettingof
glaucoma,cornealthicknesshasbeenidentifiedbothasa
confoundingfactorforthegoldstandardmethodusedto
determineintraocularpressure(IOP),Goldmannapplanation
tonometry,andasanindependentriskfactorforthe
developmentandprogressionofglaucoma
[1-7].Today,alarge
numberofanteriorsegmentimaginginstrumentssuchasthe
Pentacamexistthatprovideaccuratemeasurementsofcentral
cornealthickness(CCT).However,whilemuchattentionhas
beenpaidtothereliabilityandreproducibilityofthe
instrumentsusedtodetermineIOP,cornealrefractionand
topography,thesystemsavailabletomeasureCCThavenot
beensubjectto such rigorousvalidation.Ultrasound
pachymetryisperhapsthemostwidelyusedmethodto
determineCCT.Notwithstanding,othermethodssuchasthe
Pentacamitselfhaveofferedhighlyreproducibleresultsfor
thisvariable
[8-10].BesidesthetraditionalmeasureofCCT,this
devicemeasuresthicknessatthethinnestpointofthecorneal
andatthecornealapex
[11-13].
Themainpurposeofthisstudywastoanatomicallylocatethe
pointsofminimumcornealthicknessandcentralcorneal
thickness(pupilcenter)inrelationtothecornealapexasthe
referencepoint.
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SUBJECTSANDMETHODS
Forthisobservational,cross-sectionalstudy,299healthy
volunteerswererecruitedamongthestaffandpersons
accompanying patientsvisitingtheOphthalmology
DepartmentoftheHospitalCl侏nicoSanCarlosdeMadrid,
Spain.AllvolunteerswereCaucasianofSpanishdescent.
Thestudyprotocolwasapprovedbyourinstitution'sReview
BoardandcompliedwiththeguidelinesoftheDeclarationof
Helsinki(HSC-COSPTRAV-05).Informedconsentwas
obtainedfromeachparticipantbeforeinclusioninthestudy.
Subjectswereconsideredeligibleforthestudyiftheyhadno
historyofanocularorasystemicdiseaseotherthanhigh
bloodpressureand/orhighbloodcholesterol.General
exclusioncriteriawere:asphericalequivalentgreaterthan3
diopters,1ormoredioptersofastigmatism,abestcorrected
visualacuitylowerthan20/25,signsofearlykeratoconus
accordingtotopographiccriteriaprovidedbythePentacam,
opacitiesinthecorneaorlensimpairingopticnervehead
visualizationandalterationsinopticnerveheadmorphology,
suchasobliquediscsorperipapillaryatrophy.Wealso
excludedsubjectswhohadundergoneprioreyesurgeryand
thosewithvisualfielddefects.Onlyoneeyewasexaminedin
eachsubject.Ifbotheyesfulfilledalltheinclusionand
exclusioncriteria,theeyetobeenteredinthestudywas
randomlyselectedusinganautomatedprocedure(www.
randomization.com).
AllthestudyparticipantsunderwentaPentacam(Pentacam,
OculusUSA)examinationtodeterminethicknessatthe
cornealapex(AT),minimumcornealthickness(MT)and
cornealthicknessatthepupilcenter(PT).Then,usingthe
pachymetricmapsprovidedbytheinstrument,distancesfrom
thecornealapextoMT(MD)andPT(PD)werecalculated.
Thefollowingcategoricalvariableswerealsoestablished:
pointofminimumthickness(MC)andpointofcentral
thickness(PC)dependingonthequadrantpositionofMTand
PTrespectivelytakingthecornealapexasthecenter
(quadrants:superior-nasal,inferior-nasal,superior-temporal,
inferior-temporal).Subjectageandsexwerealsorecorded.
Thenormaldistributionofthequantitativedata was
confirmedbythetestsSaphiro-WilkandKolmogorov-
Smirnov.Foreachquantitativevariable(AT,MT,PT,MD
andPD)mean,standarddeviationandquartileswere
determined.Inaddition,frequencydistributionswere
calculatedforeachcategoricalvariable(MCandPC).
Twomultivariatelinearregressionmodelswereconstructed
toexaminetheinfluenceofage,gender,poweroftheflattest
andsteepestcornealaxes,positionoftheflattestaxis
(groupedas0 ° -30° ,30° -60° ,60° -90° ,90° -120° ,
120º -150° ,150° -180° ),cornealvolume(determined
usingthePentacam)andCCT(asPT)onMDandPD
respectively.TheeffectsofthesevariablesonMCandPC
werealsodeterminedintwomultinomialregressionmodels.
RESULTS
Themeans,standarddeviationsandquartilesofthe
quantitativevariablesdeterminedareprovidedinTable1.In
Table2,thedistributionfrequenciesofMCandPCmaybe
seen.Table3showsthemeandistancesofMTandPTfrom
animaginaryline (definedbyitsabscissaandordinate)
centeredatthecornealapex.Thepointofminimalcorneal
thickness,MT,occurredatameandistanceof0.909mm
fromtheapex(79.4%intheinferior-temporalquadrant);ata
meandistanceof0.468mmtowardsthetemporalsideandof
0.458mmtowardstheinferiorwithrespecttothehorizontal
linepassingthroughtheapex.ThecentralcornealpointPT
waslocatedatameandistanceof0.156mmfromtheapex
Table 1 Means, standard deviations and quartiles of the quantitative variables 
Percentiles 
Statistics  Mean  Std. deviation 
25  50  75 
Age (a)  67.33  14.722  59.00  73.00  79.00 
Power steepest axis  44.828  1.5661  43.750  44.600  45.850 
Power flattest axis  43.61  1.697  42.75  43.60  44.70 
Corneal volume  59.767  4.8178  56.425  59.500  62.900 
PT  562.21  41.410  530.00  559.50  595.50 
MT  556.44  42.796  525.75  554.50  589.25 
AT  563.55  41.833  531.00  561.00  595.25 
PD  0.2716  0.15590  0.1651  0.2428  0.3585 
MD  0.9093  0.54522  0.5923  0.8054  1.0433 
Age (a): power of the flattest axis and steepest axis (diopters), corneal volume (mm
3); PT: Thickness at the pupil 
centre, mm; MT: Minimum corneal thickness, mm; AT: Thickness at the corneal apex, mm; PD: Distance from the 
corneal apex to PT, mm; MD: Distance from the corneal apex to MT, mm. 
669althoughthispointshowedmorevariationamongsubjects
(Table2).Figure1showsthecharacteristiclocationsofMT
andPTinarighteyeonaPentacampachymetricmap.
ThelinearregressionmodelforMDindicateditwas
significantly(adjusted
2 =7.8%; =0.005)influencedby
cornealvolume (B=-0.024;95%CI:-0.043to-0.004).No
significantrelationswereidentifiedinthelinearregression
modelforPDorthemultinomiallogisticregressionsforMC
andPC.
DISCUSSION
Traditionalmethodsusedtomeasurecornealthicknesssuch
asultrasoundpachymetryhavebeengraduallyreplacedby
moremodernanteriorsegmentimagingsystemssuchasthe
Pentacam.BesidesprovidingagoodestimateofCCT,the
Pentacamhas provedtobehighlyrepeatableinits
measurementsandalsooffersothercentralpachymetry
estimatesincludingpupilcenterthicknessastheCCT
measure,minimumcornealthickness,andcornealapex
thickness
[8-10].Moreover,thissystemcanbeusedtodetermine
thethicknessoftheperipheralcornea,whichseemsalsoto
playanimportantroleinasettingofglaucoma
[11-14].Inaprior
study,wenotedthatthefactorsminimalcornealthickness
andapicalcornealthicknesswerepredictiveofprimary
open-angleglaucoma(POAG)whileCCTdeterminedby
ultrasoundpachymetrywasnot
[11].
Ultrasoundpachymetryisperhapsthemostwidelyused
methodtodetermineCCTandhasbeendescribedasahighly
reliableandreproduciblemethodinseveralstudies
[15-17].
Nevertheless,otherauthosclaimthePentacamshowshigher
interobserverreproducibility
[18].Thisconsiderationhighlights
thepotentialimportanceofthisdeviceincornealthickness
measurements.
Therelationshipbetweencornealthicknessandseveral
variablessuchasage,refrantionandcornealhysteresishas
beenwidelystudiedhoweverthereisanheterogeneousrange
ofresults.Thussomeauthorsdetectnosignificantvariation
inCCTwithage
[19-22].Onthecontrary,significantcorrelation
betweenageandCCTinemmetropiceyeshavebeen
reported (CCTtendedtodiminishwithage)
[23].Consistent
withthisformerreport,areductioninCCTwithageina
sampleofsubjectsfromThailandhasbeencommunicated
andhigherCCTinthosesubjectsaged40ythanthoseaged
10-39yhavebeenregisteredalongwithasignificantnegative
correlationinperipheralcornealthickness
[24,25].Withregardto
ethnicityandageastudycomparingBlackAmericanand
Caucasianchildren,showedthattheformerhavesignificantly
thinnercorneasdetectinganincreaseinCCTwithageinboth
racegroups
[26].Inastudyinwhichhighaltitudehypoxic
conditionsweresimulated,Karadag
[27] observedthat
suchconditionsinducedasignificantincreaseintheCCTof
subjectsofameanageof32ybutthiswasnotdetectedina
groupofsubjectswhosemeanagewasonly23y.Other
studieshaveanalyzedtherelationshipbetweenrefractionand
cornealthickness:Linke
[28] diddetectweakyet
significantcorrelationbetweenCCT,refractivestateor
minimumcornealthicknessandage.Kotecha
[29] also
studiedthecorrelationbetweenthebiomechanicalproperties
ofthecorneausingtheocularresponseanalyzerandreported
Figure1CharacteristiclocationsofMTandPTinarighteye
onaPentacampachymetricmap Thecorneaisrepresentedin
yellow;thegreenlinescorrespondstotheCartesianaxiscenteredat
thecornealapex;theredpointrepresentsthecharacteristiclocation
ofPTandthebluepointthelocationofMT.
Table 2 Frequency distribution of the quadrant position of PC and MC 
Valid  PC (%)  MC (%) 
Superior and nasal  8.7  1.6 
Inferior and nasal  15.9  7.9 
Superior and temporal  23.0  11.1 
Inferior and temporal  52.4  79.4 
Total  100.0  100.0 
PC: Point of central thickness; MC: Point of minimum thickness. 
Table 3 Means (mm), standard deviations and quartiles of the 
distances of PT (thickness at the pupil centre) and MT 
(minimum corneal thickness) from an imaginary line (defined 
by its abscissa and ordinate: x, y) centered at the corneal apex 
Percentiles 
Statistics  Mean  Std. 
deviation  25  50  75 
PT-X  -0.1104  0.21161  -0.2500  -0.1250  0.0000 
PT-Y  -0.0567  0.19581  -0.1600  -0.0700  0.0400 
MT-X  -0.468  0.4661  -0.700  -0.530  -0.350 
MT-Y  -0.4584  0.69356  -0.7050  -0.4300  -0.2100 
PT-X: Distance of PT from the abscissa axis; PT-Y: Distance of PT 
from the ordinate axis; MT-X: Distance of MT from the abscissa 
axis; MT-Y: Distance of MT from the ordinate axis. 
 
Central,apicalandminimalcornealthickness
670陨灶贼允韵责澡贼澡葬造皂燥造熏灾燥造援 7熏晕燥援 4熏 Aug.18, 圆园14 www.IJO.cn
栽藻造押8629原愿圆圆源缘员苑圆 8629-82210956 耘皂葬蚤造押ijopress岳员远猿援糟燥皂
thatthecornealconstantfactor(CCF),whichincreaseswith
increasingcornealthickness,diminishedwithage.Finally,
Gwin
[30] detectedasignificantrelationshipbetween
endothelialcelllossandanincreasingCCTinthecanine
cornea.
UsingthePentacam,Khoramnia
[13] determinedCCT
andminimalcornealthicknessandnotedthatthelatterpoint
waslocatedintheinferior-temporalquadrantin92%ofcases
and observedtheindependenceonageofcorneal
measurements.
Ourapproachwasdifferentinthatwefirstcharacterizedthe
anatomicallocationofthepointsofcentralandminimum
thicknessinrelationtothecornealapex.Thiswasdoneby
determiningtheirabsolutedistancesfromthispointandtheir
distancestoanaxisofcoordinatescenteredattheapex.Both
modelsofmultivariatelinearregressionindicatedthatthe
distancebetweenthepointofminimalthicknessandthe
cornealapexwascorrelatedonlywithcornealvolume,witha
0.024mmreductioninthisdistancerecordedforeach1mm
3
increaseincornealvolume.Incontrast,centralcorneal
thicknesswasnotinfluencedbyanyofthepossiblepredictive
factorsconsidered.Further,neitherdidthesefactors(age,
sex,keratometricpowerandorientationalongwithCCT
itself)haveanyeffectaccordingtoourmultinomiallogistic
regressiononthelocationofthepointsofminimaland
centralcornealthicknessinthedifferentquadrants.When
interpretingtheseresults,however,itshouldberemembered
thatourstudysamplewascomprisedsolelyofhealthy
Spanishsubjects.Hence,furtherworkisneededtodetermine
ifourresultscould beextrapolatedtootherethnic
populationsorpatientswithglaucomaoracornealdisease.
Anotherissuethatmustbetakenintoaccountistheadvanced
meanageofoursamplewhichwasaconsequenceofthe
originofourvolunteersalthoughtheregressionmodelsdid
notfoundanyimpactoftheageinthelocationofthecorneal
pointsstudied.Ourfindingsregardingtherelativelyconstant
positionofMT,alongwithKoramnia 's
[13] resultsand
withthefactthatthethicknessofthispointhasshownsome
discriminatingcapacitybetweenhealthysubjectsandpatients
withPOAG,suggeststhispointcouldhaveanatomicalentity.
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